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Outline
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Exciting time on Mars!
 NASA’s new Perseverance 

rover landed February 2021

 Mission highlights

 Instruments developed by Los 
Alamos National Laboratory

 SuperCam and SHERLOC

 The role of software  in 
bringing science data from 
another planet
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Landing Animation

NASA publically available video animation of rover landing
https://www.youtube.com/watch?v=rzmd7RouGrM
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Mission Highlight so far…

 All the instruments checked out and ready to roll !!!
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Helicopter
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Helicopter Software Flexibility

6

Helicopter software ‘watchdog’ rebooted the helicopter before 
transitioning to flight mode

Software design flexibility allowed patch to be transmitted to Mars

If software doesn’t keep telling the 
hardware it’s alive, the watchdog 
will bite and reboot the system!

Helicopter
Software

180 Million Miles!

Qualcomm Snapdragon 
801 processor with a 
Linux operating system.
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Mars2020 Perseverance Rover
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SuperCam Mast Unit

SHERLOC Turret 
Assembly
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SuperCam Instrument
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Mast Unit

Body Unit

Mast Unit built by the French Space Agency CNES 

Body Unit built by Los Alamos National 
Laboratory

Designed to perform chemical analysis of targets 
up to 21 feet away

• Laser Induced Breakdown Spectroscopy (LIBS) 
and microphone

• Raman/Fluorescence Spectroscopy

• Visible and Infrared Spectroscopy

• Color Remote Micro Imaging

Mast unit contains lasers, telescope, IR 
spectrometer, imager, and microphone

Body unit contains three spectrometers, main 
processor, and rover communications 
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SHERLOC Instrument
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Scanning Habitable Environments with 
Raman & Luminescence for Organics & 
Chemicals (SHERLOC)

New rover instrument lead by JPL 

LANL provided spectroscopy electronics 
subsystem and flight software

Designed to analyze organic chemicals at a 
microscopic scale
• Raman/Fluorescence Spectroscopy 

focused on organics at micro-scale
• Scanning mirror
• UV laser
• Onboard spectra analysis

Arm mounted laser and optics

Rover mounted spectrometer electronics with CPU



LIBS and Raman Spectroscopy
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LIBS (laser induced breakdown spectroscopy)

• Focused high energy laser blasts atoms 
causing electrons to jump to higher orbit

• Wavelength of light generated by 
electron change of state tells us the 
element(s) present in the sample

Raman spectroscopy

• Similar to LIBS however laser is not 
focused and is used to excite molecules

• Different wavelengths of laser can reveal 
complex molecules containing carbon
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Software Commanding and Data Collection
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• Software is critical to brining scientific ideas to life

Science and 
operation team 

analyze data and 
develop plan

Sequence of 
commands

Instructions uplinked to the Rover

Rover and 
instrument software 
execute commands, 

collect data, and 
return science to 

earth



Space Computing Technology
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• Space is a challenging environment for 
electronics

• Radiation hardened components must be used

Processor:

• Cobham Gaisler radiation hard 32 bit LEON3 
processor running at 50 MHz

Field Programmable Gate Array (FPGA):

• Create an integrated circuit that can be changed

• Used for very precise timing, specialized 
communication interfaces, signal processing, etc.

• SuperCam and SHERLOC used to read out 
Charged Couple Device (CCD) to produce spectra
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Hardware and Software
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Custom LANL designed rad hard LEON3 
based processor board used for both 
instruments

• Actel FPGA

• 250 MB SDRAM

• Rover compute element (RCE) 
interface

• SpaceWire based spectrometer 
interfaces

FPGA firmware includes spacewire 
endpoint to convert Mast Unit and 
Spectrometer electronics to DMA capable 
SpaceWire

LEON3 CPU 
Running 

Instrument Flight 
Software

FPGA with 
SpaceWire
endpoint(s)

Spectrometer 
Electronics 

(CCD readout)

SuperCam

Mast Unit

(1) SHERLOC
(3) SuperCam

UART and 
custom LVDS 

high speed serial

DMA capable 
high speed 

SpaceWire links

Rover Compute 
Element

Custom Rover LVDS 
high speed serial

Memory 
mapped 
I/O
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Software Development 
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• Both instruments approximately 13 KLOC
• Small and reliable

• C99 programming language

• Board support package and modified GCC 
compiler by Cobham Gaisler

• VxWorks operating system

• Coverity static code analysis

• Test Anything Protocol (TAP) unit testing

• Custom Python scripted functional testing

• Jenkins nightly build and test
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Software Development and Test 
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• Very early created inexpensive 
‘prototype boards’ with LEON3 
instantiated in a Xilinx FPGA

• Provided ubiquitous software and 
firmware development and test 
platforms that works with the custom 
interfaces 

• With minor software and firmware 
changes, the same prototype board is 
used as rover and SuperCam mast 
unit emulators

• Python based command and 
telemetry software user interface to 
complete RCE emulator

MU Connector

RCE Connector

LEON3 
processor

FPGA based 
brass board

User 
Interface SW



SHERLOC Advanced Software
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• Using a scanning mirror, SHERLOC 
gathers hundreds of spectra in a 
coarse pre-defined pattern

• Instead of sending all the spectra 
back to Earth, go back to the ‘most 
interesting’ point and perform a 
fine scan

• However spectra processing must 
be done for accurate analysis

• Background subtraction

• Bad pixel removal

• Laser normalization

• Cosmic ray removal

0                                        1024                                         2048
Channel number

Science team defines weighted 
regions of channels (blue lines)

Spectrum with greatest weighted 
intensity summed from those regions 
considered ‘most interesting’

SHERLOC software automatically goes 
back to that spectrum location



SHERLOC Advanced Software
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Cosmic Ray Removal

• Cosmic ray’s affecting CCD data can 
cause erroneous analysis results

• Multiple spectra are gathered from one 
spot

• Data for each wavelength channel is 
analyzed

• JPL developed statistical analysis 
technique implemented in flight 
software used to find outliers

• Sigma clipping plus Freedman-
Diaconis rule

• Demonstrated very large datasets (1296 
spectra take ~5 minutes on flight 
processor)

0                                        1024                                         2048

0                                        1024                                         2048

0                                        1024                                         2048

Location A – spectra 1

Location A – spectra 2

Location A – spectra 3

Cosmic ray effect



SuperCam Image Optimization
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Focus stacking a.k.a Z-stacking
• Combine multiple images into one image selecting 

the best focus for each pixel

• Resulting image has greater depth of field

• Data reduction technique, 
transmit fewer images

• Apply Gaussian blur and 
Laplacian filters to 
determine sharpest pixel

• Registration currently not 
supported, images must be 
very similar wrt. position and 
content

Drill hole on Mars 
captured by ChemCam
instrument
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